Background: Approximately 3 million neonatal deaths occur each year worldwide. Simple interventions have been tested and found to be effective in reducing the neonatal mortality. In order to effectively implement public health interventions, it is important to know the rates of neonatal mortality and understand the contributing risk factors. Hence, this prospective, population-based, observational study was carried out to inform these needs. Methods: The Global Network's Maternal Newborn Health Registry was initiated in the seven sites in 2008. Registry administrators (RAs) attempt to identify and enroll all eligible women by 20 weeks gestation and collect basic health data, and outcomes after delivery and at 6 weeks post-partum. All study data were collected, reviewed, and edited by staff at each study site. The study was reviewed and approved by each sites' ethics review committee.
Background
Approximately 3 million neonatal deaths occur each year worldwide accounting for 40% of the under 5 mortality [1] . Three-quarters of neonatal deaths occur during the first week after birth, and of these nearly 75% occur in the first 24 hours. Worldwide, neonatal mortality has been reported to be caused by infection (36%), preterm birth (28%) and birth asphyxia (23%) [2] [3] [4] . Simple interventions aimed at these main causes have been tested and found to be effective in reducing the neonatal mortality [5, 6] .
First, to improve newborn care, emphasis has been placed on the delivery of all women within a health facility with capabilities to perform the essential obstetric and newborn care. Specifically, to reduce newborn mortality associated with birth asphyxia, access to high quality perinatal care, including cesarean section and newborn resuscitation, is needed [6] [7] [8] [9] . To reduce mortality associated with preterm birth, evidence-based interventions including resuscitation care, skin-to-skin care, and exclusive breast feeding and support may be most effective. To reduce infection-related mortality, clean delivery practices, cord care, and treatment of possible infections are important. Estimates have suggested that more than 70% of newborn mortality is preventable with these existing evidence-based practices, but coverage of these interventions is low and uneven in geographic areas with highest burden of mortality [7] . Nearly half of women in lowresource areas still deliver outside health facilities, and many facilities are under-staffed or lack basic essential care [10, 11] .
Because the majority of deliveries occur in settings with poor health care systems, population-based rates of the coverage of these essential interventions have been lacking. Additionally, many reports on the trends of neonatal mortality use estimates or modeling and often do not provide precise estimates of the mortality rates [1, 4] . Moreover, under-reporting of these vital events is more common in such settings, and estimates of mortality and availability of care are mainly obtained from hospital records and surveys [11, 12] .
In order to effectively implement public health interventions, the rates of neonatal mortality, the contributing factors, and the availability of the essential interventions across settings where women delivery are needed. Prospective studies may provide more specific data to inform these needs. However, these studies have been frequently small or restricted to hospital settings which limit their generalizability and ability to fully describe the trends [4] .
Hence, there is a need for population-based, prospectively collected data on neonatal mortality, especially from low resource settings where most of the mortality occurs. This is essential for planning the interventions and prioritizing the health care delivery to improve newborn survival. To address this gap in knowledge, we undertook a prospective, population-based observational study of newborn outcomes in low resource settings of the Global Network for Women's and Children's Health Research (Global Network) using the Maternal Newborn Health Registry (MNHR) [13] [14] [15] .
Methods
The Global Network's MNHR, a prospective, populationbased, observational study, was initiated in 2008 and is an ongoing study being conducted at study sites in western Kenya, Zambia (Chongwe and Kafue), Pakistan (Thatta), India (Belgaum and Nagpur), Guatemala (Chimaltenango), and Argentina (Corrientes). Within each site, between 6 and 24 study clusters, geographic regions which were initiated with approximately 300 to 500 annual births were defined prospectively between 2008 and 2009. The objective of the MNHR is to include all pregnancies in these regions, regardless of delivery location [14] .
Registry administrators (RAs) who are full time MNHR study staff aim to identify and enroll all eligible, pregnant women residing within the defined clusters by 20 weeks gestation, regardless of contact with the health care system or planned delivery location. After obtaining the woman's consent, the RAs collected basic health data and conduct follow-up visits at two points: after delivery to collect outcomes at delivery and at 6 weeks post-partum. At the visit following each delivery, information on resuscitation with bag and mask, skin to skin contact after delivery, initiation of breastfeeding within one hour of birth, and bathing within six hours of birth was collected by interviewing the birth attendant and the mother/ family members. In addition, basic obstetric practice including birth attendant type, and practices including administration of uterotonic agents during or immediately following delivery, administration of maternal antibiotics, and setting of delivery (hospital, clinic or health center or home, which included birth attendant's home) were documented. Regardless of delivery setting, the RAs obtained the birth outcome and sought to interview the birth attendant (whether traditional or skilled) who assisted in the delivery. In case of neonatal death, RAs conducted a basic death audit by interviewing birth attendant and/or family members, including the mother whenever possible.
Neonatal mortality was evaluated both following delivery and at the 6-week follow-up visit. The neonatal mortality rate was calculated both as the early neonatal mortality rate (early NMR) defined as the number of early (0-6 days) neonatal deaths per 1,000 live births, and as the 28-day neonatal mortality rate (NMR), defined as the number of neonatal deaths (defined as deaths through 28 days of life) per 1000 live births.
Data analyses
All study data were collected, reviewed, and edited by staff at each study site. Data were then transmitted to a central data coordinating center (RTI International, Durham, NC) using a secure process, with additional edits performed centrally and addressed at each site. Descriptive analyses included calculating the frequency and distribution of values. Generalized linear models were used to evaluate the relationship of potential risk factors [9] [10] [11] and early and 28-day neonatal mortality and to develop point and interval estimates of the relative risk associated with these risk factors. Finally, generalized estimating equations were used to account for the correlation of outcomes within cluster in developing appropriate p-values and confidence intervals. Data were analyzed using SAS v.9.3 (Cary, NC).
Ethics approval
The MNHR study was reviewed and approved by each sites' ethics review committee (Institute for Clinical Effectiveness and Health Policy, Argentina; San Carlos University, Guatemala; University of Zambia, Zambia; Moi University, Kenya; Aga Khan University, Pakistan; KLE University's Jawaharlal Nehru Medical College; and Indira Gandhi Medical College, India), the U.S. partner's institutional review boards, and the data coordinating center (RTI International). All women provided informed consent for data collection.
Results
During the study period from January 2010 through December 2013, a total of 269,614 women were enrolled, who had 262,890 live births (a total of 7,624 stillbirths were also reported which were excluded from subsequent analyses for this study) (Figure 1 ). Among live births, the follow-up rate at 6 weeks postpartum was 98.9%. For the entire study period, across all sites, the overall early NMR was 20.6 per 1000 live births and the 28-day NMR was 25.7 per 1000 live births. Table 1 describes maternal characteristics and risks for early and 28-day neonatal mortality. Higher neonatal mortality was associated with maternal age > 35 and <20 years relative to women 20-35 years of age. Among women with no formal education, the risk of early NMR was also significantly higher (RR 1.6, CI 1.4-1.9), relative to those with primary school or higher education. Additionally, no antenatal care (ANC) was associated with higher risk of early neonatal mortality, and among women receiving ANC, having fewer visits was associated with increasing risk of both early and 28-day neonatal mortality.
We also assessed the newborn characteristics associated with early and 28-day neonatal mortality. The preterm births accounted for 44.6% (n = 2,172) of the early neonatal deaths and 42.8% (n=2,615) of the 28-day deaths ( Table 2 ). The NMR was 114.7 per 1000 live births for preterm births compared to 15.0 per 1000 for term births and similarly was 121.7 per 1000 for those <2500 g vs. 13.6 per 1000 for ≥2500 g births. Among those born preterm, risk of both early and 28-day neonatal deaths (RR 8.1, 95% CI 7.5, 8.8 and RR 7.5, 95% CI 6.9, 8.1) was higher relative to term births. Those born with low birth weight (<2500g) were also at increased risk of neonatal mortality relative to those born with birth weight ≥2500 g, RR 5.7 (95% CI 5.1, 6.3 of neonatal mortality for those 1500-2499 vs. ≥2500 g). Male infants were at increased risk (RR 1.2, 95% CI 1.1, 1.2 vs. female) and as were those from multiple gestations (RR 6.6, 95% CI 6.0, 7.3 vs. singleton). Those neonates with major congenital anomalies had higher risk of 28-day neonatal death (RR 14.6, 95% CI 12.4, 17.3). Finally, women with a breech presentation also had higher risk of neonatal death (RR 2.8, CI 2.4, 3.2) compared to women with a non-breech presentation.
Next, we assessed the rates of essential care practices by location of delivery. Altogether, 46.2% of the deliveries occurred at a hospital, 25.5% at a clinic and 28.4% at home or birth attendant's home (data not shown). Among deliveries occurring at hospitals, 59.3% of women received uterotonic agents during or following delivery, compared to 47% of those delivering at a clinic and 4.0% of those delivering in a home setting (Table 3) . Similarly, 60.7% of those women delivering in a hospital received antibiotics, compared to 37.1% at a clinic and 2.2% at home. Regarding essential newborn practices, 4.8% of those delivered at hospitals were resuscitated, compared to 3.8% of those in clinic and 0.9% delivered in a home setting. Breastfeeding rates were similar between the settings, with 72.5% of those in hospitals, 81.7% of those in clinics and 69.0% of those in home settings reporting breastfeeding within one hour of delivery. Early skin-toskin contact rates were higher at the hospital (32.5%) and health center (25.0%) compared to home (12.1%). Early bathing, a practice not recommended, was reported at lower rates at the hospital (7.9%) compared to clinics (13.3%) and home (40.0%). Finally, use of cord care was higher at hospitals (44.8%) compared to clinics (30.2%) and home (23.8%). Among hospital births, 26.5% of the deliveries were performed by cesarean section for an overall rate of 12.5% in the population (data not shown).
Finally, we evaluated the characteristics by site. Figure 2 summarizes the early and 28-day mortality by site. Rates were highest in the Pakistan site (40.3/1000 and 50.0/ 1000 for early and 28-day neonatal mortality, respectively) and lowest in Argentina. When we evaluated the obstetric and essential newborn care practices by site (Table 4) , starting of breastfeeding within one hour of delivery ranged from 92% in Zambia to 23% in Pakistan. Initiation of skin-to-skin contact was 83% in Argentina and in rest of the sites, ranged from 31% in Nagpur to 2% in Pakistan. 99% of the babies did not receive a bath in the first six hours of birth in Nagpur and Argentina and 48% of them did not receive a bath in Guatemala. Regarding obstetric care, cesarean section rates ranged from 1.1% in Zambia to 34.9% in Argentina and the use of oxytocics ranged from 17.5% in Zambia to 96.1% in Argentina. Finally, maternal antibiotic use ranged from 1.2% in Zambia to 86.4% in Nagpur, India.
Discussion
The Global Network's MNHR, a prospective, observational study, is being conducted in seven sites with the aim of providing reliable, community-based data on rates of maternal, fetal and neonatal mortality as well as factors that may be related to these outcomes. Designated field staff obtain health outcomes with their work monitored by central study staff. One of the strengths of the study was that nearly all women residing within the cluster for delivery were enrolled and very few of the women or infants were lost to follow-up [16] . Thus, the MNHR documents both mortality rates as well as coverage of interventions across all delivery locations for the study regions.
Both the early and 28-day neonatal mortality rates varied profoundly between the study sites, with the highest 28-day rates of 50 per 1000 live births reported in Pakistan and the lowest rates observed in the Argentina clusters. These rates were similar to the estimates from the Global Burden of Disease study (2013) [17] . We also observed differences in indicators of both obstetric and newborn care across sites.
As expected, neonatal deaths were more common in preterm and in low birth weight babies, with more than 40% of the early and 28-day neonatal deaths accounted for by those born preterm or low birth weight [18] [19] [20] . Other risk factors for neonatal deaths included male [5] . Women who had no antenatal care were at increased risk of experiencing a neonatal death as were women who were without any formal care at the time of delivery. The coverage of evidence-based interventions varied widely by setting of delivery, as well as by study site.
Overall, with the exception of breastfeeding rates which were similar across settings, hospital deliveries had improved coverage of the essential newborn care as well as obstetric interventions, compared to clinic or home settings. For example, it is estimated that 5% of all deliveries require basic resuscitation, approximately the rate observed in hospitals [21, 22] , but the population-rate was much lower. Overall there was uneven coverage of these evidence-based interventions. For example, while there was a cesarean section rate of over 25% among A prior study to evaluate availability of essential interventions in the health facilities serving the MNHR clusters found low coverage of basic equipment and medicines with few facilities having physicians available 24 hours/ day, seven days a week [10] . As international organizations have placed an emphasis on increasing facility-based deliveries in order to improve birth outcomes [8] , access to antenatal care including birth preparedness with timely transport, as well quality of obstetric and neonatal care in these settings will be needed to help reduce neonatal mortality [7, 8, 23] .
Further research is needed to define which interventions will result in substantial reductions in neonatal mortality and in particular, those interventions that may be effective in reducing mortality associated with preterm birth. Additionally, the disparity in coverage of interventions was clear. Women who did not deliver at a health facility had much lower access to essential care.
Conclusions
Using prospectively collected data with high follow up rates (99%), we have documented characteristics that are associated with neonatal mortality. Low birth weight and prematurity are among the strongest predictors of neonatal mortality. Congenital anomaly is also highly associated. These data support the recent evidence that prematurity and low birth weight are now the most common causes of neonatal mortality worldwide [20] . Several maternal and delivery characteristics are also associated with high neonatal mortality risk. This study informs about risk factors for neonatal mortality which can serve to design strategies for decreasing neonatal mortality. Furthermore, it is clear that women who delivered outside a health facility were much less likely to receive essential obstetric and newborn care. Ensuring women have access to this basic care is an important step to reducing newborn mortality.
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